The aim of this study was to examine the relationship between bacterioplankton and physico-chemical parameters of water that serves as a source of drinking water as well as the relationship between bacterioplankton and the indicators of faecal contamination of water. Bacterioplankton abundance was determined by the cultivation method which included the inoculation of water samples on PCA and R2A media and incubation at 20 °C for 7 days. Total bacterial count was determined by epifluorescence microscopy, and three bacterial morphotypes were distinguished: rods, cocci and curved forms. Bacterial biomass was also determined. Eleven physico -chemical parameters of water were determined: temperature, pH, turbidity, conductivity, UV extinction, KMnO 4 consumption, total phosphorus, orthophosphates, ammonium-, nitrite-and nitrate nitrogen. As indicators of faecal contamination, the counts of total coliforms, faecal coliforms, faecal streptococci and sulphite -reducing clostridia were determined. Although there were significantly higher number of bacteria on R2A medium in relation to PCA medium, both media showed significant negative correlation of aerobic mesophilic bacteria with water temperature, in all seasons, and significant positive correlation with UV extinction, turbidity, KMnO 4 consumption, total phosphorus, orthophosphates, ammonium nitrogen and nitrate nitrogen. Also, these bacteria showed significant positive correlation with total bacterial count and bacterial biomass, as well as bacterial indicators of faecal contamination.
INTRODUCTION
The primary  point in water supply is the source of drinking
water. The quality of the water source is the basic guidance for the selection of processing technology, and the change in this quality is one of the main causes of the deterioration of the quality of water that reaching consumers. In order to respond in a timely manner, in terms of preventing the potential negative impacts of water of inadequate quality on consumers' health, constant monitoring of the basic indicators of the water source status is necessary. The quality of water is defined in terms of its physical, chemical and biological (bacteriological) parameters, and ascertaining its quality is important before use for various intended purposes such as potable, agricultural, recreational and industrial water usages, etc. (Sargaonkar & Deshpande, 2003) . The bacteriological quality of water has traditionally been assessed by monitoring the counts of total coliforms, faecal coliforms and faecal streptococci. Sulphite-reducing clostridia (such as Clostridium perfringens) has been suggested as an alternative bacterial indicator of faecal pollution because it is consistently associated with human wastes (Bezirtzoglou et al., 1997) . * Corresponding author: slavica.ciric@mts.rs Bacteria comprise a significant part of planktonic biomass and are responsible for contributing productivity and nutrient cycling in aquatic systems (Muylaert et al., 2002) . They have fast growth rates and respond to low levels of pollutants as well as other physical, chemical and biological environmental changes. From detection and effect perspectives, they provide sensitive, meaningful and quantifiable indications of ecological change (Paerl et al, 2003; Freese et al., 2006) . Particularly in polluted waters rich in nutrients, bacterial biomass and production are high (Chróst & Siuda, 2006) and heterotrophic bacteria numerically dominate in the bacterioplankton (Szeląg-Wasielewska & Stachnik, 2010) . The parameter "heterotrophic bacteria", in our country is called "aerobic mesophilic bacteria", which is more appropriate, because the term "heterotrophic bacteria" refers to all bacteria requiring organic matter for their growth, while all cultivation methods for determining the total count of bacteria detect only a part or subpopulation of heterotrophic bacteria in water or another environment. The monitoring of water supplies for the count of aerobic mesophilic bacteria is useful for monitoring trends or detecting sudden changes in water quality (EA UK, 2002) .
According to WHO (2002) , heterotrophic plate counts alone cannot indicate a health risk and additional studies on the presence of E. coli or other faecal specific indicator microorganisms need to be conducted to establish the potential health risk of the analysed water. Aerobic mesophilic bacteria are BIOLOGY not indicators of potential risk for human health but some of them are opportunists and can cause various human infections (Bertram et al., 2003) . In recent years, a great attention has been paid to non-faecal opportunistic pathogens (Proctor & Hammes, 2015) , which mainly belong to the population of aerobic mesophilic bacteria.
Some studies emphasized that appearance and growth of microbiological populations in water can be associated with elevated values of some physico-chemical parameters (Liguori et al., 2010; Poma et al., 2012) .
The purpose of this study was to define physico-chemical and bacteriological characteristics of Ćelije Reservoir and the raw water, and to investigate the relationships among the tested parameters, especially the relationships between the count of aerobic mesophilic bacteria and physico-chemical parameters as well as bacterial indicators of the faecal contamination.
EXPERIMENTAL

Study area
Ćelije Reservoir (43°23'22'' N; 21°09'48'' E; Fig. 1 ) is located on Rasina River, at 23rd km on the road from Kruševac to Brus. The reservoir was named after the village where the river was dammed. It extends in the direction north-south. Going downstream, the first lake basin, located in the village of Zlatari, belongs to the municipality of Brus, and the remaining two basins, located in the village of Ćelije, belong to the municipality of Kruševac. Ćelije is a typical hilly-mountain reservoir with complex morphometry. It is elongated in shape, about 10 km long and consists of three basins: Zlatari, Vasići and Watercatching basin. Basins have successively increasing depth (Zlatari 6-10 m, Vasići 22-24 m, Water-catching basin about 42 m max), and thus a volume, so the last basin contains more than a half of the lake water.
Sampling
During one year, once a month, the sampling of the Ćelije Reservoir water was carried out in all three basins -Zlatari (two sampling sites -S1 and S2), Vasići (one sampling site -S3) and Water-catching basin (two sampling sites -S4 and S5; Fig. 1 ). Sampling was carried out at different depths in relation to the temperature distribution. During the circulation periods (January, February, March, November and December), the sampling was carried out at the following depths: S1 -0. During the same year, the sampling of raw water was done at the site of the water intake, once a week.
The samples were taken with a Van Dorn bottle and immediately, in refrigerators, transported to the laboratories of the Drinking Water Plant in Majdevo, where they were processed.
Materials and methods
The water temperature was measured in situ by a digital thermometer. Other physico-chemical parameters (pH, turbidity, conductivity, UV extinction, KMnO 4 consumption, total phosphorus, orthophosphates, ammonium-, nitrite-and nitrate nitrogen) were determined by standard methods according to APHA (2012) . The pH value was determined by the pH-meter. Turbidity of water was determined nefelometrically according to the standard formazine polymer and expressed in nefelometric turbidity units (NTU). The conductivity was determined by the conductometer. UV-extinction was measured at 254 nm using Shimadzu UV-2401 PC ultraviolet/visible spectrophotometer. The KMnO 4 consumption was determined by the oxidation of organic matter with potassium permanganate in the acidic environment (H 2 SO 4 ). The total phosphorus was determined spectrophotometrically, by measuring the color intensity of the complex that was built between orthophosphates, ammonium molybdate and antimonyl potassium tartarate, at 630 nm. The concentrations of orthophosphates were determined by ammonium heptamolybdate technique. The ammonia concentrations were determined spectrophotometrically, with
BIOLOGY
Nesler's reagent. The content of nitrite was determined by sulfanilic acid, spectrophotometrically. The content of nitrate was determined spectrophotometrically with hydrochloric acid.
The total count of aerobic mesophilic bacteria was determined by parallel inoculation of samples on a standard Plate Count Agar (PCA) and on the Reasoner's 2 Agar (R2A). PCA content is as follows: Tryptone (5.0 g·l -1 ), yeast extract (2.5 g·l of each sample were inoculated in the duplicate for both media. The inoculation was carried out using pour plate technique, and the inoculated plates were incubated at room temperature (20-22 °C) for 7 days. The colonies were counted using the BZG-30 colonies counter (Windaus), through the lens with a magnification of 2x. The count of bacteria was carried out on plates with the smallest dilution that could be read. The obtained number was calculated for 1 ml of the sample, and presented as colony forming units per milliliter of water sample (cfu/ml). Total bacterial count (direct count) -TBC, was determined by epifluorescence microscopy, after the dying of the water samples with acridine orange, as described by Ćirić (2009) . Three morphotypes of bacteria were distinguished: rods, cocci and curved forms.
Bacterial biomass -BB estimations were made by examining photographs of random fields from selected samples, and then projecting the resulting images so that the minimum projected cell size was ~ 1 mm. Bacteria were sized by an eyepiece micrometer. Cell length and width were measured and converted to biovolume using the formula of Bratbak (1993) . A single formula that worked well for rods and cocci was used to calculate the biovolume. Biovolume was converted to biomass with a conversion of 200 fg C µm 3 (Bratbak, 1993) . Total coliforms (TC) count was determined on Eijkman medium (Merck, Germany) at 37 °C after 48 h incubation, as most probable number per 100 ml of water sample -MPN/100 ml.
Faecal coliforms (FC) count was determined on Eijkman medium (Merck, Germany) at 44.5 °C after 24 h incubation, as MPN/100 ml.
Faecal streptococci (FS) count was determined on Slanetz and Bartley medium (Merck, Germany) with sodium azide and crystaline violet at 37 °C after 72 h incubation, as MPN/100 ml.
Sulphite-reducing clostridia (SC) count was determined on Sulphate agar (Torlak, Serbia) at 37 °C after 48 h incubation, as CFU/100 ml.
Statistical analyses
Determination of the correlation coefficients among the investigated physico-chemical and microbiological parameters of water was carried out using statistical software STATISTICA v. 10, StatSoft, Inc.
RESULTS
Average, maximum and minimum values of physicochemical parameters in Ćelije Reservoir and the raw water are given in Table 1 . The highest average temperature was recorded in summer (16.5 °C), and the lowest in winter (5.9 °C). Starting from the shallowest part of the reservoir (S1) to the deepest (S5), the temperature gradually decreased in all seasons, so that, on average, the water-catching basin was colder than the first basin (Zlatari I) by about 4 °C. The fluctuation of the water temperature usually depends on the season, geographic location and sampling time (Venkatesharaju et al., 2010) .
Previous studies have shown that Ćelije belongs to the mesotrophic lake ecosystems with the tendency of increasing of the trophic level (Marković et al., 1998) . The sanitary protection zones of the reservoir as the water supply source for the town of Kruševac and its surroundings, although marked, are not respected. There is a strong negative anthropogenic impact on the reservoir because of the existence of the settlements on shores, agricultural land and erosion due to degraded forests in the lake basin.
Ćelije Reservoir is heavy modified water body formed on a type 3 water body and its quality is subject to the Rule book on the parameters of the ecological and chemical status of surface waters and the parameters of the chemical and quantitative status of groundwaters (Službeni glasnik RS, 74/11). On the basis of average annual values of physico-chemical parameters, the source water and raw water belong to the second class (according to the pH value, nitrate nitrogen, total and inorganic phosphorus) and the third class (according to the ammonium nitrogen). Based on the obtained results, it can be said that the reservoir has a moderate ecological potential. The ecological potential of a water body represents the degree to which the quality of the water body's aquatic ecosystem approaches the maximum it could achieve. In principle, there are five ecological potential classes: maximum, good, moderate, poor and bad (Water Framework Directive, 2008) . However, in some seasons, some parameters exceeded the values prescribed for that class so, in those seasons water was of worse quality than average for one or even two classes. This is very important because the reservoir is used for drinking water supply in those seasons, too. Thus, orthophosphates in the winter and autumn periods exceeded the given values, especially in the water-catching basin, from where the water is taken for processing. According to this parameter, in these seasons the water was of poorer quality for one class, and it was classified in fourth class, which is not recommended for water supply. In the case of ammonium nitrogen, the average value in the autumn season exceeded the value of 1 mg/l (worse than the fifth class), so in this period the water can not be used for any purpose. The concentration of nitrate nitrogen remained BIOLOGY stable throughout the year and none of the samples did not exceed the value prescribed for the second class. Total phosphorus also remained stable throughout the year and throughout the reservoir. The bacterial abundance (cfu/ml) in the source water ranged between 60 and 3.75x10 4 (on PCA) and between 2.25x10 2 and 1.79x10 5 (on R2A; Tab. 2). The earlier studies have shown that a significantly higher number of aerobic mesophilic bacteria has been detected on the low-nutrient R2A medium in relation to high-nutrient PCA medium, and after seven days of incubation, the number of bacteria on R2A was higher than PCA for 74% (Ćirić & Petrović, 2009 ). Bacterial count on both media showed that, going downstream, from the shallowest to the deepest basin, water quality has improved, both due to the natural process of auto purification, and because of the better protection of the watercatching basin. The highest number of bacterioplankton was recorded in March, and the lowest in August. In the early spring, after snow melting, a large amount of water, carrying various materials from the lake shores was instilled into the reservoir. This led to the significant increase in the bacterial count. After that, the count of bacteria dropped. There were two small BIOLOGY increases in count, in June and September, which were probably the results of the anthropogenic activity. According to Kohl (1975) , the reservoir belongs to the second class of water (moderately contaminated water). According to the Rule book on the parameters of the ecological and chemical status of surface waters and the parameters of the chemical and quantitative status of groundwater (Službeni glasnik RS, 74/11), based on the average number of aerobic mesophilic bacteria, the reservoir belongs to the second class (when the cultivation was done on PCA medium) i.e. to the third class (when the cultivation was done on R2A medium). This means that the reservoir water can be used for water supply, which is contrary to the also valid Rule book of the hygienic safety of drinking water (Službeni list SRJ, 42/98). Under this Regulation, the water of open source used for water supply should not contain more than 300 aerobic mesophilic bacteria in 1 ml. All examined samples of the water of Ćelije Reservoir, including raw water, contained more bacteria than prescribed.
Based on the direct number of bacteria (Tab. 2), the source water was also classified into the class of moderately contaminated waters, while the raw water was classified even in the class of maximum clean waters (Ambrazene, 1976) .
The matrix of production moment correlation among analyzed physico-chemical and bacteriological variables is presented in Table 3 . Aerobic mesophilic bacteria (on PCA and R2A) showed a significant positive correlation with UV extinction, turbidity, KMnO 4 consumption, total phosphorus, orthophosphates, ammonium nitrogen and nitrate nitrogen. Also, these bacteria showed significant positive correlation with total bacterial count and bacterial biomass. This means that any of these bacteriological parameters will equally valid show changes in the bacteriological status of the aquatic ecosystem. A significant negative correlation of the number of bacteria with water temperature in all seasons suggests that bacteria are well adapted to the ambient temperature. Examining the source water, Donde (2012) also obtained the negative correlation between the bacterial count and water temperature. A significantly higher coefficient of correlation between aerobic mesophilic bacteria and turbidity, compared to the correlation coefficient between these bacteria and the KMnO 4 consumption, shows that turbidity is a much better indicator of the organic load of water (Eregno, 2013) . Red marked correlations are significant at p < 0.05 level. N = 55. Ghorbani et al. (2013) also showed a significantly high positive correlation coeficient (r=0.758) between the count of heterotrophic bacteria and water turbidity and no relationships between the count of bacteria and pH value of water. According to Albaggar (2014) , total phosphorus in water was one of the most significant parameters correlated positively with total bacterial numbers, which is in line with the results in this paper. But, contrary to the presented results, this author found strongly negatively correlation of total culturable bacteria with direct bacterial count in freshwater ecosystem. Lemke & Leff (2006) BIOLOGY found a strong positive relationship between total bacterial abundance and total culturable bacteria, which is in accordance to this work.
The high negative correlation between the coccoid form of the bacteria and the elements of trophicity (turbidity, UV extinction, total and inorganic phosphorus, nitrates) confirms the findings that these forms of bacteria dominate in clean waters, since such a shape enables them a more efficient use of a small amount of available nutrients (Jochem, 2001) . A limitingnutrient situation for bacteria is mostly accompanied with changes in cell morphology from rod-shaped cells to more coccoid forms (Velimirov et al., 2011) . In this study, we could indeed find significant trends for the longitudinal development of the different morphotypes fitting to this postulation. For vibrioshaped cells, a significant reduction in cell volume was observed. The percentage of rods (total and free-living cells) significantly decreased towards the Delta, while the percentage of cocci significantly increased following concomitant changes of inorganic nutrients (nitrate and ammonium). This is also shown by the high negative correlation between the coccoid and the rod forms which is dominated in the waters rich in nutrients. The curved form of bacteria also showed a high negative correlation with the rods.
Among the physico-chemical parameters, water temperature was significantly negatively correlated with UV extinction, turbidity, phosphates, nitrates and bacterial load. This shows that the reservoir is a thermally very stable system.
To detect changes in the quality of water ecosystem, it was shown that, among physico-chemical parameters, turbidity was an excellent parameter. Turbidity showed a highly positive correlation with the pollution indicators (total phosphorus, orthophosphates, all forms of the mineral nitrogen and bacterial abundance). Among the bacteriological parameters, the best indicators of system changes are aerobic mesophilic bacteria. Average values of faecal indicator bacteria in raw water are showed in Fig. 2 . All of the bacteriological indicators of faecal contamination had the highest values in 100 ml of a water sample in the spring , and the lowest in the autumn (TC -17, FC -8, FS -2 and SC -27). According to Kavka (1994) , over than 80% of the samples belong to slightly or less polluted waters. However, since it is an open source of drinking water, which should not contain faecal coliforms and faecal streptococci at all, and for the total coliforms and sulphite-reducing clostridia there is a maximum permissible values of 100 MPN/100 ml and 10 bacteria/100 ml, respectively (Službeni list SRJ, 42/98), all of the raw water samples exceeded these values making this water unfit for the processing into drinking water. 
BIOLOGY
The matrix of production moment correlation between physico-chemical parameters and faecal indicator bacteria in raw water is presented in Table 4 . All of the indicators of faecal contamination showed significant negative correlation with temperature, while the coliforms (total and faecal) showed the negative correlation with conductivity, too. The high positive correlation these bacteria showed with the UV extinction, turbidity, pH, KMnO 4 consumption, total phosphorus, ammonium and nitrate nitrogen, as well as the absence of the correlation with orthophosphates (except SC) and nitrites.
Relationships between faecal indicator bacteria and aerobic mesophilic bacteria in raw water are shown in Fig. 3 . The correlation of faecal bacteria with aerobic mesophiles was determined from the results of cultivation, but not with direct (total) bacterial count, since faecal bacteria and aerobic mesophiles were determined by the same method -cultivation.
Although the differences in the number of bacteria obtained on PCA and R2A media were highly significant, both media showed a very high and very similar positive coefficient of correlation with all of the investigated indicators of the faecal pollution. This is in contrast to the findings of most authors, but there are also those who have obtained similar results. Donde (2012) showed a significantly high positive correlation between heterotrophic bacteria count and some faecal indicators (Escherichia coli, intestinal enterococci and Clostridium perfringens). In drinking water, Amanidaz et al. (2015) found that relationship between heterotrophic bacteria, coliforms and faecal streptococci was highly significant (p < 0.05), but they explained this by the presence of high concentrations of organic carbon, biofilms and nutrients, which are necessary for growth and survival of all microorganisms.
CONCLUSION
Based on the examined physico-chemical parameters, Ćelije Reservoir in some seasons did not correspond to the quality of the drinking water source. These seasons were winter and autumn, when there was a significant increase in the content of orthophosphates and ammonium nitrogen.
Based on the average number of aerobic mesophilic bacteria, the reservoir belonged to the second class (when the cultivation was done on PCA medium) or the third class (when the cultivation was done on R2A medium), but in each sample this number exceeded the upper limit prescribed by the Regulation of the hygienic correctness of drinking water. Based on these results, which are in accordance with the results of many authors, the change of the current regulative, in terms of the introduction of R2A medium for determining the count of aerobic mesophilic bacteria in waters instead of standard highnutrient medium, can be recommended.
Aerobic mesophilic bacteria (on both media) showed a significant positive correlations with UV extinction, turbidity, KMnO 4 , total P, orthophosphates, ammonium-and nitrate nitrogen, TBC and BB. A significant negative correlation these bacteria showed with water temperature.
Among the faecal indicator bacteria, aerobic mesophilic bacteria showed high positive correlation with all tested faecal bacteria.
